Background: Pancreatic ductal adenocarcinoma has a devastatingly poor prognosis, and most prognostic factors reflected the tumor stage more than the tumors' biology. The peripheral nerve plexus is densely distributed in the tumor micro-environment, and there are interactions between tumor cells and these nerves. Perineural invasion is an important risk factor for tumor recurrence and metastasis in pancreatic head adenocarcinoma, but the concrete types of extrapancreatic neuropathy and its role in predicting prognosis are still not clear. Objective: To clarify the role of extrapancreatic neuropathy in the early postoperative liver metastasis and tumor-related mortality in pancreatic head adenocarcinoma and to study the mechanism of tumor recurrence and liver metastasis in pancreatic head adenocarcinoma. Methods: We reported a retrospective study of 60 patients with resectable pancreatic head adenocarcinoma, all of whom accepted radical pancreaticoduodenectomy. Plexus pancreaticus capitalis II (PLX-II) was the representation of extrapancreatic plexus in our study, and all of these plexus had immunohistochemical staining. We defined the postoperative tumor recurrence and tumor-related mortality within 6 months as the early prognostic indicators and analyzed the pathological alterations in PLX-II among different prognosis groups. Results: There were 18 patients suffering early postoperative liver metastasis; these two groups differed significantly in the average number of nerve trunks (P<0.001), the proportion of neuritis (P=0.003), the content of sympathetic nerve fibers (P=0.004) and parasympathetic nerve fibers (P<0.001) per unit area of PLX-II. There were 15 patients suffering early postoperative mortality, and there were significant differences between these two groups in the average number of nerve trunks (P<0.001), the proportion of neuritis (P=0.009), the content of sympathetic nerve fibers (P=0.023) and parasympathetic nerve fibers (P<0.001) per unit area of PLX-II. Conclusion: The patterns of extrapancreatic neuropathy could reflect the biological behavior of resectable pancreatic head adenocarcinoma, and the pathological features of PLX-II were closely related to early liver metastasis and mortality.
Introduction
Pancreatic ductal adenocarcinoma (PDAC) is the digestive tumor with extremely high malignancy, characterized by the high risk of early recurrence and mortality. Pancreatic head is the most common place where pancreatic tumor developed. 1 The biological behavior of pancreatic head adenocarcinoma is evaluated mainly by the tumor staging, the pathological grading and the tumor's resectability. 1, 2 Nowadays, the pancreatic head tumor without metastasis could be classified into the resectable, the borderline resectable and the locally advanced tumor. The classification is due to the differences in the efficacy of surgery in improving long-term survival and can reflect the distinction of the tumors' biological behavior. 3, 4 Radical resection (pancreaticoduodenectomy, PD) is suggested in resectable pancreatic head tumor to obtain the R0/R1 resection margin.
However, patients with resectable pancreatic head adenocarcinoma differed significantly in the prognosis even after radical PD. Patients with early tumor stage (Stage I/II) or well histologic grade still had early recurrence or metastasis after radical surgery and would ultimately succumb to their illness. 5 Thus, efforts to identify factors that predict early recurrence or metastasis in patients with resectable pancreatic head adenocarcinoma are warranted.
Perineural invasion was one of the most important pathological patterns in PDAC and was proved to be related with the tumor recurrence and metastasis. 6 According to the anatomy of peripancreatic plexus, the perineural invasion could be divided into the intrapancreatic and extrapancreatic neural invasion. 7, 8 The intrapancreatic neural invasion was found in more than 90% of the patients and correlated with lymph node metastasis, whereas the extrapancreatic neural invasion would lead to worse prognosis. 8 The peripancreatic plexus belonged to the tumor microenvironment, which played an important role in the progression of PDAC. The intrapancreatic plexus tends to manifest profound alterations, which were called neuroplastic changes. This neuropathy correlated strongly with the severity of pancreatic neuropathic pain and patient's quality of life. 9, 10 But the extrapancreatic neural alterations were less focused in previous studies for the extrapancreatic plexus was complex and difficult to obtain. 11 Therefore, this study aimed to examine the predictors of early recurrence and mortality after resection in patients with resectable pancreatic head adenocarcinoma, with a particular emphasis on the extrapancreatic neuropathy.
Methods and Materials Patients Selection
We performed a retrospective case-control study of patients who underwent surgical resection for pancreatic head adenocarcinoma from January 2010 to December 2015 at Peking University Third Hospital. The Ethics Institutional Review Board approved the study protocol. Patient consent to review their medical records was not required in this study for the reason that all samples were obtained in standard surgical procedures, and waiving informed consent will not adversely affect subjects' health and rights. We declared all patient data confidentiality and our compliance with the Declaration of Helsinki. Patients with clinically and pathologically confirmed resectable pancreatic head adenocarcinoma were included in this study. Patients who had perioperative complicationsrelated death and received neoadjuvant therapy were excluded.
We collected data regarding demographic, clinical and pathological variables from the electronic medical records. The tumor stage and resectability were determined by the treating surgeon in accordance with consensus-based definitions. From pathology reports, we obtained information about surgical resection status (R0 or R1), histologic grade (well, moderate or poor differentiation), lymph node status, lymphovascular and intrapancreatic neural invasion.
Tissue Processing
All patients in this study received standard radical PD. The operation is usually performed with a right paramedian incision in the upper abdomen. First, we open the gastrocolic ligament and explore the front surface of the pancreas. After moving the colon, the superior mesenteric vein (SMV) below the pancreas is exposed. The small omentum is separated along the hepatic artery to the starting of celiac trunk. The gastroduodenal artery and inferior pancreatoduodenal artery are then dissociated and ligated. Then, we remove the gallbladder, cut off the hepatobiliary tube, stomach and jejunum, and sever pancreatic neck anterior to SMV. If the vascular walls of SMV or portal vein (PV) are invaded by the tumor, then the SMV/PV is partially resected and end-to-end anastomosis is conducted according to the scope of the affected vein. There were no artery resection procedures, all pancreatic tumors were resectable in this study.
The plexus pancreaticus capitalis II (PLX-II) was the most important part of extrapancreatic plexus, where neural invasion mostly occurred. 11 Plexus was removed from the same regions, which were defined by the Japan Pancreatic Society grouping criteria. 12 In the criteria, pancreatic head plexus can be further divided into two parts, one being the direct route from the right celiac ganglia to the upper internal side of the uncinate process and the other route extending from the superior mesenteric artery (SMA) to the upper internal side of the uncinate process. In the clinical experiences, the root of the mesenteric artery was dissected to open the vascular sheath, and then the membranous fold at the uncinate process was removed along its right side, followed by the dissection of the nerves and soft tissues at the right half. In order to obtain the complete SMA margin, electric knife burning and ligation rather than the use of a cutting closure were preferred in the anatomy of unciform process. The anterior, right and posterior parts of SMA were completely dissociated, and the PLX-II and unciform processes were separated from the right side of the SMA wall completely (Figure 1 ).
Plexus Immunohistochemistry
Plexus tissues obtained in SMA margin were pathologically examined individually. Five paraffin-embedded sections (3 μm) of PLX-II tissues were obtained from each patient, and immunohistochemical staining was performed in every section. A rabbit polyclonal antibody against the tyrosine hydroxylase (TH) was used to observe the sympathetic nerves, and the vesicular acetylcholine transporter (VAChT) was used to observe the parasympathetic nerves. All sections were deparaffinized with xylene and rehydrated, and antigen retrieval was performed by heating in an autoclave in 10 mmol/L sodium citrate buffer (pH 6.0). The sections were then immersed in 3% hydrogen peroxide in methanol to quench the activity of endogenous peroxidase and in 1% bovine serum albumin to block nonspecific binding, followed by incubation with TH or VAChT overnight at 4°C. The sections were incubated with a biotinylated secondary antibody after being washed with phosphate-buffered saline (PBS) and followed by incubation with the streptavidin-horseradish peroxidase complex. Finally, the sections were immersed in 3,3ʹdiaminobenzidine for 6 mins, counterstained with 10% Mayer's hematoxylin, dehydrated and mounted in crystal mount. PBS was used instead of a primary antibody for the negative control. To minimize variation in immunopositivity, all sections were stained in 3,3ʹ-diaminobenzidine for the same amount of time.
Analysis of Extrapancreatic Neuropathy
One pathologist who was blinded to the clinical outcome independently scored the results of the staining. The extrapancreatic neuropathy in this study included the neural hyperplasia, the neural hypertrophy, the neuritis, the neural invasion and the autonomic innervation changes. A digital pathological section scanner (NanoZoomer-SQ, Hamamatsu Photonics, Japan) in combination with the Image Pro Plus 6.0 software (Windows 10, Media Cybernetics, Inc.) was used for measurements.
Five sections of PLX-II were made from each patient, and the features of neurological changes were calculated based on the mean value of all these sections. The mean number of all nerve trunks in five sections was counted as the degree of neural hyperplasia; the mean area of each nerve trunks was representative of neural hypertrophy; the proportion of the immunostained area within a nerve trunk to the whole area of the same nerve trunk was regarded as the autonomic innervation. The details of the above neuropathies could be calculated with the Image Pro Plus 6.0 software. Image Pro Plus 6.0 software was used to measure the optical density (OD) value of immunostained sympathetic or parasympathetic nerve fibers in a single visual field, and the OD value could be used as the index of immune reactivity of autonomic nerve fibers. The OD is a value automatically matched by the software according to the staining intensity of nerve fibers and is calculated as pixel, which can be used as a semi-quantitative analysis index of the content of nerve fibers. The quantification of neural immunoreactivities for TH or VAChT was carried out as defined in Figure 2 . The histomorphological evaluation of the specimen included the existence of pancreatic neuritis and neural invasion in PLX-II. The neuritis indicated the phenomena that nerve bundles were surrounded by inflammatory cells such as the lymphocyte. The lymphocytes obviously gathered around the nerve bundles in this study, and the neural inflammatory infiltration was observed. Any nerve inflammatory infiltration in one section was deemed to be neuritis. The neural invasion indicated the phenomena that tumor cells invaded the membrane of nerve trunks or nerve bundles. The existence of tumor cells around nerve membranes was the indicator of the neural invasion. Tumor cells are characteristic of atypical hyperplasia, breaking the epineurium or penetrating into the endoneurium, resulting in destruction of neural structures. The pathological patterns of neuritis and neural invasion are shown in Figure 3 .
Prognostic Analysis
The primary study endpoint was early recurrence and mortality, defined as recurrence or death within 6 months after surgery. We censored data from patients alive at the last follow-up (December 31, 2017) on that date. All patients were followed up by physical examination and abdominal CT every 3-6 months. Follow-up time was defined as the time from the date of the first surgery to the date of the last followup and was recorded in months. Follow-up information were obtained from office charts, hospital records and telephone interviews. Overall survival (OS) time was defined as the time from the date of the first surgery to the date of death by recurrence. Disease-free survival (DFS) time was defined as the time from the date of the first surgery to the date of the first evidence of recurrence.
Early recurrence was defined as relapse within 6 months. The patterns of recurrence sites were subdivided into loco-regional recurrence (LR) and liver metastasis (LM). The former indicated a recurrence presumably due to occult residual tumor cells left behind at the time of resection, whereas the latter is the most common cause of death among PDAC patients who undergo radical surgery.
Statistical Analysis
We compared demographics and clinical characteristics for patients with early mortality or recurrence versus those with non-early mortality or recurrence using Student t-test for the continuous variables and χ 2 or Fisher exact test for the categorical variables as appropriate. To determinate factors associated with early mortality and recurrence, we used multivariable logistic regression with purposeful selection of covariates. The Mann-Whitney test, recommended for the comparison of two independent groups, was performed when required. Differences were considered significant if P value was less than 0.05. All P values were calculated using the SPSS 23.0 software.
Results

Characteristics of Patients
The study cohort included 60 patients with a mean age of 63.3 years (range, 44-84 years), of them there were 35 males and 25 females. There were 21 (35.0%) patients with radiologically diagnosed SMV/PV invasion, 10 of which received vascular resection because of the tumor's direct contact. The pathological staging of pancreatic tumor was based on the 8th AJCC staging system. The poor differentiation was mostly common (46.7%, 28/60) in our study. Intrapancreatic neural invasion was popularly existed (88.3%, 53/60), and 33.3% (20/60) of the patients had intravenous carcinoma embolus. The R1 resection accounted for 56.7% of all patients (36/60), whereas 28.3% (17/60) of the patients had a positive SMA margin. Twenty-seven (45.0%) patients had adjuvant therapy after radical surgery. The characteristics are listed in Table 1 .
The Prognosis Analysis
Until the last follow-up time, there were 15 (25.0%) patients who had early mortality, 11 (18.3%) patients had early local recurrence and 18 (30.0%) patients had early liver metastasis. There were 49 patients who had 58 recurrences, including 24 local recurrences and 34 liver metastases. The Kaplan-Meier univariate survival analysis of OS, DFS, LR and LM is listed in Table 2 . The Cox multivariate survival analysis is listed in Table 3 . The results showed that the elevated CA 125 level was the independent risk factor for OS and LR, the lymph node metastasis was the independent risk factor for OS and LM, patients in N2 staging had a higher risk suffering from the early mortality (P=0.011) and early liver metastasis (P=0.044). However, all of the above factors had no influence on DFS, only SMV/PV resection had the tendency for predicting DFS (P=0.061). Furthermore, the SMV/PV invasion was the independent risk factor for OS (P=0.002). The Characteristics of Extrapancreatic Neuropathy
The overall patterns of extrapancreatic neuropathy in 60 patients are shown in Table 4 . For each patient, the density and average area of nerve trunks, the neuritis and neural invasion, and the distribution of sympathetic fibers and parasympathetic fibers per nerve trunk were all analyzed. The distribution characteristics of sympathetic fibers and parasympathetic fibers were different among individuals. The immunohistochemistry showed that the staining strength of the same nerve with different antibodies (TH or VAChT) was also significantly distinct, suggesting that the sympathetic and parasympathetic nerve fibers in the same nerve had significant differences in composition. Immunohistochemical staining with the same antibody was performed in different sections, and the results showed that the overall staining strength of the nerves in the region was also significantly different. The autonomic innervation in nerve trunk is presented in Figure 4 .
Extrapancreatic Neuropathy and Early Mortality
Contrary to our experience, the proportion of neural invasion in two groups did not display significant difference (P=0.531). In early mortality group, only 20% (3/15) of the patients had neural invasion in PLX-II, and in nonearly mortality group, the proportion was similar, 13.3% (6/45) of the patients had neural invasion in PLX-II. However, the proportion of neuritis in PLX-II in patients with early mortality was 66.7% (10/15), which was higher than that in patients with non-early mortality (P=0.009), the latter was only 28.9% (13/45).
The degree of neurogenesis also differed significantly in these two groups (P<0.001). In early mortality group, the mean number of PLX-II nerve trunks was 35.0 trunks (23.0, 56.0)/ (5×1.53 mm 2 ), whereas in non-early mortality group, the mean number was only 23.0 trunks (4.0, 44.0)/(5×1.53 mm 2 ). On the other hand, the degree of neural hypertrophy did not present obvious difference among these two groups (P=0.066).
Interestingly, patients in these two groups had distinct autonomic innervations. Patients in early mortality group tended to have a higher distribution of sympathetic (P=0.023) and parasympathetic (P<0.001) nerves than patients in nonearly mortality group. As is shown in Table 5 , the OD value per unit area of sympathetic and parasympathetic nerves was 0.157 and 0.152 in non-early mortality group, and it was lower than that in early mortality group, the OD value of which was 0.167 and 0.179, respectively. All of these characteristics are listed in Table 5 .
Extrapancreatic Neuropathy and Early Recurrence
The early local recurrence occurred in 11 patients. As is shown in Table 6 , the extrapancreatic neuropathy had no difference within the groups of early local recurrence and non-early local recurrence.
The early liver metastasis occurred in 18 patients. Patients in the early liver metastasis group had a higher proportion of neuritis (P=0.003) and a higher degree of neurogenesis (P<0.001) than patients without early liver metastasis. As is shown in Table 7 , the mean number of nerve trunks in early liver metastasis group was 35.5 trunks (28.0, 56.0)/(5×1.53 mm 2 ), which was higher than that in non-early liver metastasis group, the latter was only 22.5 trunks (4.0, 43.0)/(5×1.53 mm 2 ).
The difference of autonomic innervations in these two groups presented the same characteristics as the early mortality group. Patients in early liver metastasis group tended to have a higher distribution of sympathetic (P=0.004) and parasympathetic (P<0.001) nerve fibers than patients in non-early liver metastasis group. As to other characteristics of extrapancreatic neuropathy, these two groups had nothing difference.
Discussion
Pancreatic head adenocarcinoma is characterized by early tumor recurrence after radical resection; liver metastasis is the main reason for patients' postoperative early mortality and the failure of treatments. Nowadays, the norms that reflect the biological behavior of pancreatic carcinoma included the tumor staging system (tumor-node-metastasis) and the resectability evaluation. However, parts of patients with resectable pancreatic head adenocarcinoma in early stage would have tumor recurrence within 6 months after radical surgery. 5 This indicated that there might exist other prognostic factors that influence the biological behavior of pancreatic head adenocarcinoma.
Perineural invasion was proved to be important pathological factors influencing the prognosis of PDAC and might be the routes for tumor recurrence and metastasis in previous study. 6 Intrapancreatic neural invasion occurred more frequently and correlated with extrapancreatic neural invasion. 13 The mechanism of extrapancreatic neural invasion influencing tumor metastasis was still unclear for extrapancreatic nerve plexus was diverse and hard to obtain.
All patients in our study were radiologically and pathologically diagnosed resectable pancreatic head adenocarcinoma. In preoperative pancreatic contrast-enhanced CT, the SMA was all free from tumor mass, and we obtained the PLX-II located between the SMA and unciform process as the representation of extrapancreatic plexus. 11, 14, 15 Some researchers proposed that pancreatic nerves underwent prominent alterations during the evolution and progression of pancreatic cancer. [15] [16] [17] Intrapancreatic nerves could increase in size and number, and the proportion of autonomic and sensory fibers is switched. 10, 17 Besides these, plexus could also be infiltrated by perineural inflammatory cells or invaded by pancreatic cancer cells. But how the autonomic nervous system influence the prognosis of pancreatic head adenocarcinoma was still unknown, and the study on pathological alterations of extrapancreatic plexus was little.
Recent studies suggested that the neural invasion was just one of the characteristics of peripheral neuropathy, which also included peripheral nerve proliferation (neurogenesis), nerve hypertrophy, nerve inflammatory cell infiltration (neuritis) and the change of autonomic innervations. 9, 18 The nerve hyperplasia and hypertrophy might indicate the increase of neurotrophic substances in the tumor microenvironment and were associated with severe abdominal pain and tumor metastasis in PDAC. 15, 19 Neurogenesis was found in all PLX-II specimens in this study but more significant in patients with early liver metastasis and early mortality. The nerve density of PLX-II in patients with postoperative early liver metastasis was 35.5 trunks/(5×1.53 mm 2 ), while in patients with non-early liver metastasis, nerve density significantly reduced to 22.5 trunks/(5×1.53 mm 2 ). The nerve density in patients with early mortality was 35.0 trunks/ (5×1.53 mm 2 ), and it reduced to 23.0 trunks/(5×1.53 mm 2 ) in patients with non-early mortality. It is worth noting that among all prognostic indicators in this study, there was no significant difference between the two groups in the average nerve area of PLX-II, namely the degree of nerve hypertrophy. The results showed that the degree of neurogenesis of PLX-II might have a certain impact on early liver metastasis after radical surgery in patients with resectable pancreatic head adenocarcinoma, severe nerve hyperplasia might promote the liver metastasis, thus affecting the survival status of postoperative patients. However, the degree of neurogenesis had no significant effect on early local recurrence, suggesting that neurogenesis might not be a risk factor for early local recurrence.
Nerve inflammatory infiltration is a phenomenon in which immune inflammatory cells enter into the nerve spaces. In patients with chronic pancreatitis and pancreatic cancer, the peripheral plexus or nerve bundles of the pancreas can be surrounded by inflammatory cells such as lymphocytes and macrophages, which infiltrate into the nerve tissues through the damaged nerve bundle membrane. 10 The infiltration of inflammatory cells through the nerve capsule into the perineural space also reflects the invasiveness of pancreatic head cancer, which may be related with visceral pain and distant metastasis caused by the tumor. 20 In the original models of pancreatic cancer, the infringed pancreatic cells presented the process of epithelial to mesenchymal transition (EMT), the mutated cells entered into the blood circulation prior to tumor formation, and the presence of inflammatory cells was essential for EMT and tumor diffusion. 21 In this study, qualitative analysis was performed on lymphocytes around the plexus, and the results showed that the proportion of neuritis was 38.3% (23/60), which was a risk factor for early liver metastasis and early mortality. There was no correlation between the proportion of neuritis and early local recurrence, suggesting that the relationship between immune mechanism and local recurrence was not close. Some studies have suggested that pancreatic cancer might mediate the development and deterioration of tumor through activation and destruction of the immune system, which also established the foundation of specific targeted therapy. 22 Patient selection was important for the efficacy of drugs targeting the immune system, and targeted application of immunomodulators might achieve better therapeutic effects for pancreatic cancer, which was worthy of further clinical research in the future.
The pathological analysis of PLX-II revealed that extrapancreatic neuropathy might influence the prognosis in pancreatic cancer. Several studies demonstrated that the peripheral nervous system can be regarded as a neuronal circuit, which connected all body parts and organs to the central nervous system, and the internal organs might associate with tumor microenvironment via the autonomic nerves. 9, 18, 23, 24 For instance, autonomic nerve sprouting was essential to prostate cancer progression; sympathetic and parasympathetic nerves were found to be necessary throughout all phases of prostate cancer progression in the mouse. 25 Furthermore, the autonomic nerves were also an essential component of tumor microenvironment. By reaching most internal organs, they can arrange tissue homeostasis and promote cancer growth and metastasis. 23, 26 In our study, the contents of sympathetic and parasympathetic fibers differed significantly among prognostic groups, and the phenomenon could be regarded as neural remodeling.
Sympathetic and parasympathetic nerves might regulate the tumor through direct innervation and release of neurotransmitters such as catecholamines and acetylcholine. 24, 26, 27 Nerves infiltrated the tumor microenvironment, termed tumor neoneurogenesis or axonogenesis and played an active role in cancer progression such as the tumor growth and dissemination, reciprocally tumor cells drove nerve outgrowth in a cross-talk that contributes to tumor progression. 24 The activation of β-adrenergic receptors accelerated pancreatic cancer cell growth and invasion, as nerve fibers can release these neurotransmitters directly into the vicinity of cancer cells to stimulate their survival, proliferation and ability to spread. 24, 26 This may explain why the early liver metastasis correlated with an apparent distribution of autonomic nerve system in our study. We inferred that neuropathy such as the sympathetic or parasympathetic neurogenesis will allow tumor cells infiltrating the connective tissues, and then resulted in the liver metastasis.
Sympathetic nerve system played an important role in pancreatic carcinoma, for instance, intratumoral parasympathetic neurogenesis correlated with tumor budding. 19, 28 Although functions of sympathetic and parasympathetic nervous systems are classically in opposition, they are in fact complementary in cancer, where sympathetic nerves stimulate early phases and parasympathetic nerves activate the late metastatic process. 15, 29 Prostate tumors with infiltration by parasympathetic cholinergic fibers had the tendency of cancer dissemination, and the density of nerves was directly correlated with tumor aggressiveness. 25 Accumulating preclinical evidence demonstrates that the seeding of pancreatic cancer cells in distant organs often occurs even before tumor formation at primary site. 15 In our study, however, the sympathetic and parasympathetic nervous systems manifested the same function in stimulating the liver metastasis. Patients with autonomic innervation changes presented with early liver metastasis and thus the short overall survival time compared with the patients without extrapancreatic neuropathy.
Early metastasis is responsible for death after surgery, thus providing a rationale for the use of systemic therapy other than first-line surgery for these patients. 5, 30, 31 The theory of nerve-cancer interactions led to innovative anticancer therapies; the denervation treatment was evaluated to slow the progression of the cancer. 32 The rationale for neoadjuvant therapy in this setting is thus very strong, including that for the early treatment of potential micrometastatic disease that is responsible for recurrence after surgery, but this needs to be validated in well-designed randomized trials. 30, 33 Patients with extrapancreatic neuropathy might develop early liver metastasis after radical surgery and be the potential target population for adjuvant hepatic arterial infusion chemotherapy after resection, which might effectively and safely prevent liver metastases and improve the prognosis, although further research is needed to confirm this hypothesis. 34 This study has some limitations. Firstly, some patients were lost to follow-up so that the median follow-up time was only 13 months. But we only focused on early recurrence within 6 months in this study, the results were relatively precise. Secondly, we only observed the relationship between extrapancreatic neuropathy of PLX-II and early prognosis, the concrete mechanism that extrapancreatic neuropathy influenced the prognosis was not studied. Lastly, our study was conducted in a single institution and was not a population-based study.
In conclusion, the resectability of pancreatic head adenocarcinoma was mainly based on anatomic extent, and this carried a high risk for early relapse after surgery due to the intrinsic biological features of the tumor. This meant that upfront surgery was the best approach for only a minority of patients. The extrapancreatic neuropathy such as the neurogenesis, the neuritis and the autonomic innervation changes might be an underlying cause of poor prognosis and was a predictive factor of higher risk of liver metastasis. Therefore, the neuropathy of extrapancreatic plexus might correlate with a more aggressive phenotype of pancreatic head adenocarcinoma and might help stratify patients into prognostic subgroups to aid surgeons determining appropriate therapeutic strategies for individual patients.
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